, and based on these, to propose future CE strategies.
GENERAL CONTROL PRINCIPLES
General principles for CE control were devel oped in 1986 by adapting the four stages of a success ful infectious disease control/eradication program specifically to CE (12):
(i) Preparation-establish program structure, sur veillance system, staff training (ii) Attack-implement control measures that de stabilize parasite (iii) Consolidation-identify/eliminate remaining fo cal points using intensive surveillance (iv) Eradication (maintain measures that avoid re introduction)
Early control programs in South America had been based on the experiences of programs on the islands of Tasmania and New Zealand, deworming dogs, first with arecoline bromhidrate, and later, with praziquantel (13, 14) . Following the 1977 introduction of praziquantel-a tenicide, not an ovicide, with 100% efficacy against all forms of E. granulosus (15)-new programs were planned in Argentina, Brazil, Chile, Peru, and Uruguay (5, 14) . Expectations were high for rapid advances in CE control; finally, a safe and efficient drug could be coupled with the experience of the insular models.
The new CE control plan in these five countries used praziquantel at a dose of 5 mg/kg on all dogs in rural areas. In endemic areas where ecological, epidemiologic, and socioeconomic conditions greatly favored the reinfection of dogs, the plan was to admin ister the treatment every 45 days, i.e., within the para site's prepatent period, a total of 8 times/year. Hence, in spite of constant reinfections, parasites would not reach the gravid stage within the dogs' intestines, and therefore, eggs would not be released in the feces (16) . If these actions could be sustained for 9-10 years-the estimated period required to replace all infected sheep with new animals and for the inactivation of pre existent eggs in the environment-the parasite would be destabilized, and the risk to humans, eliminated (12, 16) .
This praziquantelbased deworming plan pre sented important challenges. Extensive field infra structure, in terms of both personnel and vehicles, was required to deworm either a very large dog population, such as that of Uruguay, or a smaller, but more widely distributed one, such as those of southern Argentina and the central sierra of Peru. Moreover, roads in these larger areas were often inaccessible. Finally, this con siderable infrastructure would need to be funded and maintained throughout the 9-10 year period.
In recent years, new technology has been devel oped for controlling CE, that if combined with an ad equate use of praziquantel, can reduce the control time (17) . The EG95 vaccine, which has been shown to pro tect sheep against first and repeated E. granulosus in fection in experimental models, has achieved 82% pro tection with one dose, 97% with two, and 100% with three (18) . Nevertheless, this vaccine was not available for use until 2010. Currently programs incorporating its use are being carried out in Argentina (Chubut and Río Negro provinces) with vaccines donated by Mel bourne University (Melbourne, Australia).
Another strategy added by some programs was the early diagnosis of asymptomatic populations us ing serologic or ultrasound screening associated with albendazole treatments. Although this activity is not directly linked to interrupting the transmission cycle, it permits important reductions in morbidity and mor tality rates and length of hospital stay (19, 20) .
Drug and vaccine management
Praziquantel use presents several logistical chal lenges: a taste and smell that dogs find displeasing; no assurance that each dog has ingested the full dose; dif ficulty determining correct dose, since weight is esti mated in the field (usually results in undertreatment); reluctance of dog owners to administer the numerous pills required at each deworming; reliance on dog owner rather than field worker for administration; and more. This situation has not been previously de scribed, but has been observed by the authors in field.
Regarding sheep vaccination, there are chal lenges that should be resolved prior to implementing new control programs: resistance from sheep farmers who do not acknowledge an echinococcosis problem in their flock and are not accustomed to vaccinating sheep; the long parturition period in endemic areas, i.e., vaccinating animals at the tail end of parturition, while those at the head eat contaminated pastures; and limited resources available to small farmers for admin istering vaccinations.
CONTROL PROGRAM RESULTS
Several authors (4, 5, 13, 14) have published extensive reviews of CE control programs in South America. A summary of each control program's struc ture, praziquantel use, and current results appears in Table 1 . Figure 1 shows the current status of the pro grams. A detailed evaluation of each control program follows:
Argentina
Argentina's CE control programs are carried out independently by the various provinces:
Neuquén. The CE control program in Province of Neu quén was launched in 1970 and was structured verti cally within the health sector. Initially, the work was carried out in the small department of Huiliches (7 561 km 2 ) applying arecoline bromhidrate every 45 days with the program's dosing equipment, personnel, and vehicles. The effort was later extended to the whole province, and included praziquantel use (13) . Later, political changes in the health sector led to modified control strategies, including decentralized field activi ties and transfer of some deworming activities to the municipalities.
A review of the human echinococcosis situation in Neuquén shows that the incidence rate in the 0-14 year age group went from 22.1 per 100 000 in 1995 to 6.2 × 100 000 in 2004, although some areas still have rates of approximately 28 per 100 000 children. The Neuquén program successfully decreased the trans mission rate to humans; nevertheless, after 34 years, fo cal areas with high transmission rates still remain (21) .
Tierra del Fuego. The CE control program in the Prov ince of Tierra del Fuego was launched in 1976 with a simple structure dependent upon the health depart ment. It consisted of just one veterinarian responsible for oral administration of liquid praziquantel to 100% of the dogs distributed among approximately 75 large livestock establishments. Deworming was car ried out only once every 6 months (2 doses/year) due to challenges resulting from the weather and the lack of resources and infrastructure (22) . A top priority of the program in Tierra del Fuego was construction of enclosed slaughterhouses and kennels to decrease reinfection among the dogs.
In 1997-2006, ultrasound surveys of children 4-17 years of age showed prevalences of 0.0% and 0.9% among this population group (22, 23) . Thus, the pro gram in Tierra del Fuego was able to cut off transmis sion to humans almost completely in about 30 years. (24) . In 1986, ultrasound surveys of children 6-14 years of age showed CE prevalence at 5.6%; by 2008, it was down to 0.3% (25) . So, although echinococcosis in Río Negro remains endemic among dogs and sheep, trans mission to humans has been significantly decreased.
Uruguay
The CE control program in Uruguay was launched in 1992 and structured much like that of New Zealand (12) . It was a special commissionCommission for Combating Hydatidosis-with ad ministrative ties to the health sector; however, the national program has evolved over the years. At inception in 1992, the infection rate in sheep was stable at approximately 40%. The national program was then restructured, so that deworming of dogs was carried out every 30 days by nonprofessionals assigned exclusively to the program. The restructured program increased coverage, involved numerous vet erinarians and allterrain vehicles, and was funded by canine registration fees. By 1995, deworming was being carried out in over 90% of the country; by 1997, the prevalence rate among dogs was drastically re duced to 0.7%, and consequently, national incidence among humans dropped to 6.5/100 000 individuals (14, 26) . At this point, the Uruguayan model had been particularly successful and was on track to eradicate E. granulosus in Uruguay in 5 years.
In 2006-2007, political changes gave rise to structural changes that expanded the Commission for Combating Hydatidosis and renamed it the Zoonosis Control Commission; new surveillance systems were introduced; and new initiatives were adopted, such as castration for dog population control. To date the results of these changes on CE prevalence have not been published.
Brazil
The need for a national CE control program has been recognized since 1941 (11); nevertheless, only sporadic actions have been undertaken, and have been thwarted by lack of a structured and coordinated control program.
Río Grande do Sul. A pilot program in Santana do
Livramento was the most effective effort to date. It included a thorough evaluation of the situation (for example, infection rate of 28% among canines) and a deworming plan using praziquantel. The infection rate dropped to 0%, but was maintained for only 8 months, and rapidly increased from there (11, 27) . Thus, in Bra zil E. granulosus maintains its endemic levels.
Peru
In 1974, the health department launched an CE control program in the central sierras of Peru, an area where indigenous farmers are members of a peasant social organization called Sociedad Agraria de In terés Social (SAIS) and where the Tupac Amaru and Pachacutec peoples live. The control effort utilized arecoline bromhidrate administered to dogs by SAIS veterinary services. In 1974-1978, the infection rate in dogs decreased (28) , but the territory fell hostage to guerrilla warfare and the effort had to be discontin ued. No other attempts at CE control have been car ried out. Recent studies show high prevalence rates in sheep and humans (4, 29) .
Chile
The only CE control program that Chile has implemented was launched in 1982 and was struc tured as a vertical program carried out by the Servicio Agrícola Ganadero (Livestock Agricultural Service, SAG). This was a national program, but was only implemented in two of Chile's "regions" (organized by regions, Chile does not have provinces).
Regions XI and XII. Official SAG veterinarians were responsible for deworming dogs with praziquantel 8 times per year for 15 years, with a brief period of cost constraints during which deworming was low ered to 2 times per year. Praziquantel was delivered to each farm (in Region XII) or to gatherings/con centrations of dog owners (in Region XI), with over 90% coverage being achieved. The pill distribution strategy was determined by the ecological conditions of the area and the accessibility and size of the farm (13, 30) .
By 1997, CE incidence rates in humans had dropped to 6 per 100 000 in Region XI and 20 per 100 000 in Region XII, making the Region XII model one of the most successful ones in South America and leading E. granulosus to a probable state of extinction (13, 30) . Nevertheless, in 1998 the vertical program was dismantled and decentralized to Chile's various regions, losing coverage. Currently, deworming is vol untary and carried out by farmers. A recent study (31) using coproantigens to measure prevalence in dogs showed the rate to be 48.2%.
STRATEGIES FOR THE FUTURE
Information on CE in South America confirms that the parasite is widely distributed and reaches high endemic levels (4, 13) . The large number of cases notified and the results of crosssectional studies using ultrasound show CE to be one of the more prevalent zoonosis in South America (6, 13) . For this reason, the health authorities have promoted CE control programs. However, 30 years after the introduction of a 100% efficient and safe drug-praziquantel-no endemic area in South America has reached the eradication stage and only two (Chile's Region XII and Uruguay's national program, phase two) have sustained attack stages consistent with Gemmel's predictions (16) . Of the two nearsuccesses, one was discontinued, and the other, modified.
Partial or total discontinuation of control pro grams has been a recurring issue, one that dissolves the important advances made in just a few years, i.e., the case in Chile (31) . In other cases, program duration has been adequate, but the coverage is lacking, so the effort must be sustained indefinitely, i.e., the case of Argentina (21, 25) .
In most endemic areas, it has not been possible to organize any consistent control programs; such is the case in Brazil and Peru, and in many endemic parts of Argentina and Chile. Areas favored with successful con trol programs, ones that have decreased CE prevalence and have maintained their improved status, are few. Praziquantel use has permitted some strong local re sults, but modest overall results, the main challenges be ing effective administration of the drug to the dogs and the deficient infrastructure, which jeopardizes delivery of the drug (a minimum of 8 times per year for several years). The longterm continuity required to carry out the rapid attack stage as defined previously (16) has not been viable due to economic and/or political inconsis tencies in endemic areas, typically the poorest. Given the situation, eradication is not possible.
The experience in some provinces in Argentina with simple, lowcost, and viable alternatives has been successful in obtaining important decreases in transmission to humans. These efforts, which mainly involve continuous field work funded by the sur rounding community, may not have attained the planned deworming coverage or an important effect on sheep, but have obtained the main objective of the health sector: decreased transmission to humans (5, 14, 23, 25) . As a result, these experiences seem to indicate that, in endemic areas, the number of human cases could be reduced with less infrastructure and cost than that required by a rapid attack stage. The steps of this alternative approach are as follows:
• Identify populations at risk, on whom the existing resources should be used • Identify farms with persistent levels of transmission • Determine the speed of reinfection in dogs, so that the frequency of deworming can be adjusted to local epidemiological needs (32) Palabras clave: equinococosis; control de enferme dades transmisibles; praziquantel; vigilancia epidemio lógica; América del Sur.
• Structure programs to consider geographic distribu tion so coverage can be sustained over time • Take advantage of the primary health care structure for deworming and health education campaigns • Use EG95 vaccine in sheep, but only if funds and infrastructure are consistently available to annually vaccinate all of the sheep in the coverage area • Have sheep farmers actively participate in the con trol and vaccination program • Employ active strategies and ultrasound screenings to detect asymptomatic carriers (before the cyst has produced any damage), especially among children; treat with albendazol and followup new cases These strategies are also complementary to con trol efforts where EC cannot be eradicated (6, 19, 20) . However, efforts to reduce prevalence and/or eradi cate the disease must be continued and maintained by health authorities. 
